Peroxidative stress selectively down-regulates the neuronal stress response activated under conditions of endoplasmic reticulum dysfunction.
Oxidative stress has been implicated in mechanisms leading to neuronal cell injury in various pathological states of the brain. Here, we investigated the effect of peroxide exposure on the expression of genes coding for cytoplasmic and endoplasmic reticulum (ER) stress proteins. Primary neuronal cell cultures were exposed to H(2)O(2) for 6 h and mRNA levels of hsp70, grp78, grp94, gadd153 were evaluated by quantitative PCR. In addition, peroxide-induced changes in protein synthesis and cell viability were investigated. Peroxide treatment of cells triggered an almost 12-fold increase in hsp70 mRNA levels, but a significant decrease in grp78, grp94 and gadd153 mRNA levels. To establish whether peroxide exposure blocks the ER-resident stress response, cells were also exposed to thapsigargin (Tg, a specific inhibitor of ER Ca(2+)-ATPase) which has been shown to elicit the ER stress response. Tg exposure induced 7.2-fold, 3.6-fold and 8.8-fold increase in grp78, grp94 and gadd153 mRNA levels, respectively. However, after peroxide pre-exposure, the Tg-induced effect on grp78, grp94 and gadd153 mRNA levels was completely blocked. The results indicate that oxidative damage causes a selective down-regulation of the neuronal stress response activated under conditions of ER dysfunction. This down-regulation was only observed in cultures exposed to peroxide levels which induced severe suppression of protein synthesis and cell injury, implying a causative link between peroxide-induced down-regulation of ER stress response system and development of neuronal cell injury. These observations could have implications for our understanding of the mechanisms underlying neuronal cell injury in pathological states of the brain associated with oxidative damage, including Alzheimer's disease where the neuronal stress response activated under conditions of ER dysfunction has been shown to be down-regulated. Down-regulation of ER stress response may increase the sensitivity of neurones to an otherwise nonlethal form of stress.